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Introduction {#sec001}
============

In the marine environment, almost any non-toxic, non-protected surface will eventually be colonized by an array of microorganisms, plants, algae, or animals \[[@pone.0218838.ref001],[@pone.0218838.ref002]\]. This is true for non-living substrata, such as rocks, sand grains, or the shells of dead molluscs, as well as the bodies of living marine animals. Those organisms that live on the surfaces of other organisms are referred to as epibionts \[[@pone.0218838.ref003]\], a grouping of diverse taxa with a wide range of life-histories, physiological tolerances, and mechanisms for attaching to their host \[[@pone.0218838.ref004]\]. It is therefore not surprising to discover that epibiont communities vary among different host species \[[@pone.0218838.ref005],[@pone.0218838.ref006]\], populations \[[@pone.0218838.ref007]\], and even between different body-areas on a single host \[[@pone.0218838.ref008],[@pone.0218838.ref009]\]. To understand why this variation occurs requires knowledge of the factors driving spatial variation in the distribution of epibionts, both on the scale of an ocean or a host's body.

Sea turtles arguably host the most abundant and diverse epibiont communities of all large marine megafauna. In an effort to characterize these epibiont communities, researchers have generated hundreds of species-lists reporting the presence of epibiont taxa for sea turtle populations around the world \[[@pone.0218838.ref010]\]. As these datasets have grown, there is now an impetus to synthesise these data and elucidate epibiont community spatial patterns globally and make quantitative assessments of epibiont loads \[[@pone.0218838.ref011]\]. Yet to help draw robust conclusions about geographic differences in epibiont communities, it would first be beneficial to understand spatial patterns in epibiosis at a finer-scale--the scale of a turtle's body. Indeed, it is highly likely that epibionts are non-uniformly distributed over a turtle host for several reasons. For example, the physical properties of certain body-parts, such as the carapace, differ from those of the plastron or skin \[[@pone.0218838.ref012]\], which likely affects attachment or settlement of different epibiont species. Different locations on the host's body may also present different opportunity for feeding. For example, some epibiont species feed preferentially on certain tissues and thus will be found predominantly in those areas \[[@pone.0218838.ref013]\] whereas filter feeders might prefer to be in areas where water flow over the host is optimal \[[@pone.0218838.ref014]\]. Either of these factors, as well as attachment mode, crypsis, mating habits, and others, could lead to distinct variation in the distribution of epibionts on sea turtles.

While it may be clear that epibiont distribution is likely to vary over the host's body, many studies on sea turtle epibiosis have either not provided any quantitative assessment of where on the host the epibionts were found (e.g.\[[@pone.0218838.ref007], [@pone.0218838.ref015]\]), and/or have simply sampled epibionts from a single location on the animal, commonly the carapace (e.g. \[[@pone.0218838.ref016],[@pone.0218838.ref017]\]). Tellingly, even some of the most seminal studies investigating the distribution patterns of epibionts on the loggerhead turtle *Caretta caretta* and green turtle *Chelonia mydas* hosts have focused exclusively on the carapace \[[@pone.0218838.ref008],[@pone.0218838.ref018]\]. There are only three studies of which the authors are aware that have compared the abundance of epibionts from over the entire body: Nájera-Hillman et al. (2012) \[[@pone.0218838.ref019]\], Devin and Sadeghi (2010) \[[@pone.0218838.ref020]\], Razaghian et al. (2019) \[[@pone.0218838.ref021]\]. Interestingly, these studies, which focused on either hawksbill turtles *Eretmochelys imbricata* or green turtles *Chelonia mydas*, identified that epibiotic barnacles were more common on the carapace and plastron than the soft tissues. If this is true for all sea turtle species, then this finding could have important implications for epibiont sampling. Specifically, if epibionts are predominantly found on certain body-parts of the host then then the actual biodiversity of epibionts might be underestimated if only sampled from a single region of the body.

To better understand spatial variation in epibiont communities on sea turtle hosts, we made a quantitative assessment of the abundance and biomass of several epibiotic taxa from different regions of the body of olive ridley sea turtles *Lepidochelys olivacea*. This species was chosen because several studies have focused on characterizing the epibiont communities of olive ridleys in recent years \[[@pone.0218838.ref006],[@pone.0218838.ref015],[@pone.0218838.ref022],[@pone.0218838.ref023]\] yet no previous studies have specifically looked at epibiont distributions on this species. Our null prediction was that there would be no variation in the abundance or total biomass of the various epibiont taxa among the different body-areas.

Methods {#sec002}
=======

Study site {#sec003}
----------

Olive ridley turtles were sampled from Playa Ostional, which is located on the Pacific coast of the Nicoya Peninsula in northwest Costa Rica (9° 59' N, 85° 42' W). We selected this site as it is one of a few beaches worldwide that has mass-nesting assemblages or "*arribadas"* of olive ridley turtles, thus making it feasible to sample large numbers of turtles relatively easily. These arribadas generally occur once a month and last three to eight days \[[@pone.0218838.ref024]\]. At Ostional, over 500,000 turtles have been estimated to nest in a single arribada event \[[@pone.0218838.ref025]\] at densities of over 4 clutches m^-2^ \[[@pone.0218838.ref026]\]. For this study, we sampled epibionts from a total of 30 turtles spanning three separate arribada events. Specifically, we sampled 10 turtles on 6-Dec-2015, 5 turtles on 1-Jan-2016, and 15 turtles on 7-Feburary-2016.

Sampling protocol {#sec004}
-----------------

During arribada events, we patrolled the beaches of Ostional to encounter nesting turtles. To avoid any possibility that sampling would interrupt the nesting process, we only examined turtles after they had completed oviposition. In addition, we sampled only animals that appeared to be in good health with no visible injuries, lesions, or tumours as certain epibionts are often found in association with certain injuries \[[@pone.0218838.ref027],[@pone.0218838.ref028]\].

When a suitable turtle was encountered, we measured its Curved Carapace Length (CCL) using a flexible tape measure. The turtle's flippers were then restrained by hand and the animal was moved onto a plastic tarp. This limited the ability of the turtle to flick sand on its carapace, which would impede efforts to sample epibionts. We then exhaustively collected epibionts by scraping or prying them off the turtle using a knife or tweezers. After all visible epibionts were collected from the dorsal surfaces of the turtle, we would briefly (\< 10 mins) flip the animal onto its carapace to collect epibionts from its ventral surfaces. All epibionts were divided between separate containers by the region of the body where they were collected. We divided the body into four regions: (1) the head, shoulder, and fore flippers (subsequently termed head), (2) the tail, cloaca, hind flippers, and inguinal cavities (subsequently termed tail), (3) the carapace, or (4) the plastron ([Fig 1](#pone.0218838.g001){ref-type="fig"}). Epibiont samples were preserved in 75% non-denatured ethanol following the protocols outlined in Lazo-Wasem et al. (2011) \[[@pone.0218838.ref015]\]. Due to the high numbers of turtles at each arribada, we did not deem it necessary to tag individual turtles. As we only conducted one night of sampling per arribada, it was easy to ensure that we were not sampling the same individual multiple times by consistently only sampling individuals as we moved in one direction down the beach. Moreover, as up to 500,000 individuals have been recorded during a single arribada at Playa Ostional \[[@pone.0218838.ref025]\], the probably that we re-sampled an individual that had already been encountered on a previous arribada was negligible.

![An illustration of the four different regions of the body that were sampled for epibionts.\
(1) The head, shoulder, and fore flippers (= **head**), (2) The tail, cloaca, hind flippers, and inguinal cavities (= **tail**), (3) The shell dorsum (= **carapace**), and (4) The shell ventrum (= **plastron**),.](pone.0218838.g001){#pone.0218838.g001}

All epibionts were identified to the lowest taxonomic level by consulting appropriate literature. The samples were then enumerated, dried, and weighed to the nearest 0.00001g using a Mettler B6 Semi-Micro Balance. Samples were catalogued and deposited in the Yale Peabody Museum of Natural History, U.S.A. Specimen records are available at <http://peabody.yale.edu/collections>.

To test our null prediction that there would be no variation in the abundance or total biomass of the epibiont taxa between the different regions of the turtles' body, we used a one-way PerMANOVA using the Bray--Curtis index of dissimilarity. We choose a PerMANOVA test over other methods for examining difference in community structure, such as ANOSIM or Mantel tests, because PerMANOVA tests are considered more robust to difference in multivariate dispersion \[[@pone.0218838.ref029]\]. Significance was computed through permutation by group membership with 9999 replicates and applying the Bonferroni correction to account for biases associated with multiple comparisons.

After using the one-way PerMANOVA to identify statistical differences in the abundance and biomass of the epibiont community between different body-parts, we used pair-wise Mann-Whitney tests to assess specifically how the different epibiont taxa vary in abundance and biomass between the different body-parts. Mann-Whitney tests were conducted using PAST V.3.13, confirming significance when p ≤ 0.05. We chose a non-parametric Mann-Whitney test, over its parametric counterparts, because the data included many zeros and were not normally distributed.

Results {#sec005}
=======

Of the 30 olive ridley turtles that were sampled (CCL: 66--69 cm range), epibionts were found on all but one individual. In total, we collected 1614 individual epibionts, which collectively weighed 14.01 g. The mean number of epibionts per host was 53.80 with a mean cumulative mass of 0.47 g. The epibiont load by body region (considering all epibiont taxa) was highest on the tail with 59.23% of epibionts being found in this location and constituting 64.11% of the total epibiont biomass ([Fig 2](#pone.0218838.g002){ref-type="fig"}). The location with the next highest epibiont load was the head with 31.69% of epibionts being found in this location and constituting 24.83% of the total epibiont biomass. For both the carapace and plastron, epibiont load was very low and never exceeded more than 8% of the total epibiont load.

![Proportion of the total epibiont load found on the four body regions (head, carapace, plastron, and tail) of olive ridley sea turtles.\
The left graph represents % abundance and the right graph represents % total biomass.](pone.0218838.g002){#pone.0218838.g002}

We conservatively estimate that the diversity of epibionts represented 20 different taxa (see [Table 1](#pone.0218838.t001){ref-type="table"} for a full list). Most of these taxa were relatively rare and only five were found in mean abundances exceeding one individual per host. In alphabetical order these were: *Balaenophilus manatorum*, *Chelonibia testudinaria*, *Platylepas hexastylos*, *Stomatolepas elegans*, and small individuals of family Platylepadidae that cannot as yet be identified. This platylepadid may comprise more than one species, but we took the most conservative approach of viewing it as a single operational taxonomic unit.

10.1371/journal.pone.0218838.t001

###### Mean \# and biomass of the different epibiont species found on 30 olive ridley sea turtles sampled from Playa Ostional, Costa Rica.

![](pone.0218838.t001){#pone.0218838.t001g}

  -----------------------------------------------------------------------------------------------------------------------------------
  Systematic\                    Epibiont Taxon              *Mean \# of epibionts per host*   *Mean epibiont biomass per host (g)*
  Group                                                                                        
  ------------------------------ --------------------------- --------------------------------- --------------------------------------
  **Annelida: Hirudinea**        *Ozobranchus branchiatus*   0.1                               \< 0.1

  **Annelida: Polychaeta**       Polychaeta                  \< 0.1                            \< 0.1

  **Annelida: Polychaeta**       Serpulidae                  0.1                               \< 0.1

  **Chlorophyta**                Algae / Hydroid             0.3                               0.1

  **Chelicerata: Pycnogonida**   Pycnogonida                 \< 0.1                            \< 0.1

  **Crustacea: Amphipoda**       Caprellidea                 0.1                               \< 0.1

  **Crustacea: Amphipoda**       Corophiidae                 \< 0.1                            \< 0.1

  **Crustacea: Amphipoda**       *Podocerus chelonophilus*   \< 0.1                            \< 0.1

  **Crustacea: Brachyura**       *Planes* spp.               \< 0.1                            \< 0.1

  **Crustacea: Cirripedia**      *Chelonibia testudinaria*   2.8                               2.3

  **Crustacea: Cirripedia**      Chelonibiidae               \< 0.1                            \< 0.1

  **Crustacea: Cirripedia**      *Conchoderma virgatum*      \< 0.1                            \< 0.1

  **Crustacea: Isopoda**         Corallanidae                \< 0.1                            0.1

  **Crustacea: Cirripedia**      *Balanoidea* sp.            0.5                               \< 0.1

  **Crustacea: Cirripedia**      Platylepadidae spp.         2.1                               0.1

  **Crustacea: Cirripedia**      *Platylepas hexastylos*     15.7                              2.4

  **Crustacea: Cirripedia**      *Platylepas* sp.            0.2                               \< 0.1

  **Crustacea: Cirripedia**      *Stomatolepas elegans*      20.9                              8.9

  **Crustacea: Copepoda**        *Balaenophilus manatorum*   8.7                               \< 0.1

  **Crustacea: Copepoda**        Harpacticoida               \< 0.1                            \< 0.1

  **Mollusca: Gastropoda**       Unknown sp.                 \< 0.1                            \< 0.1
  -----------------------------------------------------------------------------------------------------------------------------------

The most common taxon was *S*. *elegans*, which constituted 38.85% and 63.30% of the total epibiont load in terms of abundance and mass respectively. *Platylepas hexastylos* was almost as abundant, constituting 29.30% of all epibionts but individuals were generally lower in mass than *S*. *elegans* and so constituted only 17.24% of the total epibiont biomass. In contrast, *C*. *testudinaria* was not very abundant, comprising only 5.27% of all epibionts, yet it constituted 16.54% of total epibiont biomass. *B*. *manatorum* was relatively abundant, constituting 17.66% of all epibiont individuals, yet the combined biomass of this species was less than 0.01 g and so relatively negligible. Similarly, Platylepadidae spp. *c*onstituted 5.70% of the total epibiont abundance yet only 0.8% of the total epibiont biomass, further indicating that these individuals were very small. The remaining 15 taxa constituted only 3.34% and 2.09% of the total epibiont load in terms of abundance and biomass respectively ([Fig 3](#pone.0218838.g003){ref-type="fig"}).

![Proportion of the five main epibiont species relative to the total epibiont load found on the entire body of olive ridley sea turtles.\
The left graph represents % abundance and the right graph represents % total biomass.](pone.0218838.g003){#pone.0218838.g003}

The PerMANOVA test identified a statistically significant difference in the epibionts communities between the four-body parts, in terms of both abundance (F = 4.506, p \< 0.001) and biomass (F = 3.598, p \< 0.001). Pair-wise comparisons using the Bonferroni correction identified that these differences were not significant between the head and tail (abundance: p = 0.386; biomass: p = 0.331) nor between the carapace and plastron (abundance: p = 0.434; biomass: p = 0.850). However, significant differences were observed between the head or tail when compared to either the carapaces or plastron (all tests p \< 0.002). Thus, we can reject the null prediction that epibionts are found in equal abundances on the different body-parts of the host ([Fig 4](#pone.0218838.g004){ref-type="fig"}).

![Mean number of individuals (A) and mean biomass (B) for the five main epibiont species (*Balaenophilus manatorum*, *Chelonibia testudinaria*, Platylepadidae spp., *Platylepas hexastylos*, and *Stomatolepas elegans*) from the four 4 different body regions (head, carapace, plastron, and tail) of olive ridley sea turtles.](pone.0218838.g004){#pone.0218838.g004}

When we tested for differences in the abundance or biomass of the five major epibiont taxa between the different body region, we observed significant differences in the abundance and biomass of *S*. *elegans* (abundance: H~(χ2)~ = 25.49, d.f. = 3, p \< 0.0001; biomass = H~(χ2)~ = 15.67, d.f. = 3, p \< 0.0001) and *P*. *hexastylos* (abundance: H~(χ2)~ = 16.87, d.f. = 3, p \< 0.0001; biomass = H~(χ2)~ = 15.67, d.f. = 3, p \< 0.0001). Ad-hoc pair-wise Mann-Whitney tests revealed that for both *S*. *elegans* and *P*. *hexastylos* there were no statistical differences in either abundance or biomass between head or tail sections (p \< 0.0001 for all tests). Instead, statistical differences were observed in abundance or biomass between both the head and tail when compared to either carapace or plastron (p \> 0.5 for all tests).

No significant differences were observed in the abundance or biomass of *C*. *testudinaria* (abundance: H~(χ2)~ = 2.94, d.f. = 3, p = 0.1973; biomass = H~(χ2)~ = 1.613, d.f. = 3, p = 0.4650), *B*. *manatorum* (abundance: H~(χ2)~ = 0.2748, d.f. = 3, p = 0.5139; biomass = H~(χ2)~ = 0.2727, d.f. = 3, p = 0.5173), and Platylepadidae spp. (abundance: H~(χ2)~ = 0.4883, d.f. = 3, p = 0.5830; biomass = H~(χ2)~ = 0.4834, d.f. = 3, p = 0.5873) between the different body areas.

Discussion {#sec006}
==========

Spatial distribution of epibionts {#sec007}
---------------------------------

Knowledge of how sea turtle epibionts are distributed on their hosts can provide valuable insights into the ecology and habitat requirements of these extracorporeal companions. To investigate the spatial distribution of epibionts on olive ridley turtle hosts, we measured and compared the abundance and biomass of epibionts on different body regions. We discovered that there is indeed a statistically significant difference in the epibiont communities on the different body-regions of olive ridley sea turtles, specifically between the body-parts where the substrate is made of skin (i.e. the head and tail) and those of the shell (i.e. carapace and plastron). We also discovered that, in contrast to all other sea turtles species that have been assessed previously, epibiont loads on olive ridley turtles are highest, both in terms of number and biomass, on the soft tissues of the head and tail than they are on the carapace or plastron. Specifically, 60% of all epibionts were found on the tail and 32% were found on the head. In contrast, only 6% of all epibionts were found on the carapace and 4% on the plastron.

This finding suggests that for studies of sea turtle epibionts if the whole body is not sampled it can run the risk of under-sampling and misrepresenting certain epibiont taxa, especially in quantitative evaluations. For example, the most common epibiont taxon recorded in this study in terms of both abundance and biomass, *S*. *elegans*, was absent from the carapace and plastron. Similarly, and somewhat predictably due to the intimate association between *B*. *manatorum* and *S*. *elagans* \[[@pone.0218838.ref026]\], *B*. *manatorum* was largely absent from the carapace and plaston and only reported in substantial numbers on the tail section. Consequently, if our sampling strategy was exclusively focused on the turtles' shell then these two species would have been overlooked almost entirely. In the case of *B*. *manatorum*, this could be particularly important as *B*. *manatorum* has been previously suggested as a vector for fibropapillomatosis \[[@pone.0218838.ref027]\] and this prediction has been further supported by more recent studies \[[@pone.0218838.ref013],[@pone.0218838.ref028]\]. Information on the presence or absence of this *B*. *manatorum* from different turtle populations could therefore help to reveal important insights into both the spread of this disease and to identify which populations are at the highest risk. This highlights the value of sampling the whole individual, and not only focus on specific body-parts, to achieve a holistic understanding sea turtles' epibiont communities.

We suspect that the primary reason that epibiont load and community structure vary so distinctly between the head or tail and the carapace or plastron is due to the differing surface properties of these body-parts. Indeed, among many differences, the 'soft-tissue' skin of the head and tail likely provide a very different surface for settlement than the keratinized scutes of the carapace. This factor could easily explain variation in the abundance of several key species, such as *S*. *elegans* and *C*. *testudinaria*. *Stomatolepas elegans* specifically was found in abundance on the head and tail but was absent on the carapace and plastron. In every instance, *S*. *elegans* was found embedded into the skin, where it was held in place by an array of plate-like protuberances (for microscope imagery see \[[@pone.0218838.ref015]\]). While such an attachment mechanism is suited for embedding into soft substrates, such as the skin of the inguinal cavity, it is likely that such 'embedding' is not possible in the carapace or plastron. In contrast, among coronuloid barnacles that are obligate with sea turtles (see \[[@pone.0218838.ref005]\]), *C*. *testudinaria* is uniquely adapted solely for gluing to the carapace or plastron of its host by 'cementing' its membranous base to the substratum \[[@pone.0218838.ref030]\]. It does not penetrate or embed in any way as do other coronuloids, especially those that live in the skin, explaining why it was found most commonly on the carapace.

Another factor influencing the spatial distribution of the epibionts observed in this study could be the interactions among epibiota. As mentioned earlier, *B*. *manatorum* appear to be strongly associated with *S*. *elegans* and may even parasitize or feed directly on these barnacles \[[@pone.0218838.ref027]\], and thus we may expect to find *B*. *manatorum* in areas where *S*. *elegans* is abundant. There may also be several interactions between many of the macro-epibionts, our focused in this study, and other micro-epibionts that we did not assess here. Indeed, it has recently been discovered that sea turtles host a diverse array of epibiotic diatoms and bacteria \[[@pone.0218838.ref023],[@pone.0218838.ref031]\]. As these species can form biofilms that may alter the surface properties of the substratum, which in turn can influence the settlement of macro-epibiota \[[@pone.0218838.ref032]\], it is possible that spatial variation in the hosts' biofilm could affect spatial distributions of the larger epibionts. While no studies have yet quantitatively assessed spatial variation in epibiotic diatoms or bacteria in sea turtles, we believe this would be a productive avenue for future research.

Differences between host species {#sec008}
--------------------------------

The discovery that epibiont loads are higher for olive ridley turtles on the soft tissues, such as the head and tail, relative to the carapace and plastron was somewhat unexpected. Indeed, comparable studies that conducted quantitative assessments of epibiont distributions on both green and hawksbill turtles found the majority of epibiotic barnacles on the carapace and plastron \[[@pone.0218838.ref019],[@pone.0218838.ref020],[@pone.0218838.ref021]\]. Furthermore, it has often been assumed although there is little quantitative data to support it, that for loggerhead turtles the highest quantities of epibionts are found on the carapace (see \[[@pone.0218838.ref033]\]).

This suggests that olive ridley carapaces might pose a more challenging substratum for epibiont settlement than that of other sea turtle species. This hypothesis is supported by our observation of the paucity of *Chelonibia* barnacles associated with this olive ridley turtle. *Chelonibia* spp. are common taxa on the carapaces of loggerhead turtles \[[@pone.0218838.ref016], [@pone.0218838.ref017]\], hawksbill turtles *Eretmochelys imbricata* \[[@pone.0218838.ref034]\], and green turtles \[[@pone.0218838.ref006]\]; however, we observed a mean of only 2.8 *C*. *testudinaria* per host, far lower than the observed 16.8 individuals per host on green turtles sharing nesting beaches with olive ridley turtles in Costa Rica \[[@pone.0218838.ref006]\]. The *C*. *testudinaria* found on olive ridley turtles were also far smaller than those on these green turtles (NJ Robinson, personal observation) suggesting that maybe they are not surviving long enough on this host to grow to full size.

These differences in epibiont settlement patterns could be driven by habitat preference and behaviour of each host species, exposing themselves to settlement by larval epibionts from different habitats (i.e. reef, seagrass meadow, or soft sediment), yet we consider this to be unlikely considering the large range and behaviour overlaps between many turtle species. Instead, we propose that differences in the surface properties (e.g. microstructure, chemical composition, physical properties, or biofilms) of the carapace and dermis among different turtle species could be driving spatial variation in epibiont settlement, confirmation of which would require further studies.

Geographic patterns in epibiont communities in olive ridleys {#sec009}
------------------------------------------------------------

In recent years, the epibiont communities of olive ridley sea turtles in the East Pacific Ocean have been described in several studies \[[@pone.0218838.ref006],[@pone.0218838.ref015],[@pone.0218838.ref022],[@pone.0218838.ref023]\]. Collectively between these four studies, a total of 291 olive ridley turtles have been sampled for epibionts. From this extensive dataset, it is clear that while the epibiont communities of olive ridley turtles in the East Pacific are diverse and that new epibiont associations have been revealed, these epibiont communities are generally dominated by a few main taxa. They include: the barnacles *C*. *testudinaria*, *C*. *virgatum*, *Lepas* spp. *P*. *decorata* (which we describe as Platylepadidae spp. in this study for reasons described earlier), *P*. *hexastylos*, and *S*. *elegans*; the leech *O*. *branchiatus*, the amphipod *P*. *chelonophilus*, and the copepod *B*. *manatorum*. Each of these taxa are obligate epibionts of marine vertebrates. All other taxa tend to be recorded at low frequencies (i.e. less than one per 50 hosts).

This is not to say, however, that more commonly observed taxa for East Pacific olive ridley turtle are found on every turtle. In fact, even these commonly observed epibiont taxa are noticeably absent from some studies. For example, *P*. *chelonophilus* was observed on more than 25% of the olive ridley turtles sampled both on the beach of Playa Grande \[[@pone.0218838.ref006]\] and in the nearby waters El Coco, Costa Rica \[[@pone.0218838.ref022]\]. However, in the present study on Playa Ostional, we recorded only a single individual of *P*. *chelonophilus* among all 30 turtles, even though this beach is less than 50 km away from the previously mentioned sampling locations. Majewska et al. (2015) also reported a similarly low prevalence of *P*. *chelonophilus* from olive ridley turtles sampled at Playa Ostional, with only 4% of all the turtles hosting this epibiont \[[@pone.0218838.ref023]\]. *Lepas* spp. are also noticeably less prevalent at Playa Ostional, relative to nearby locations \[[@pone.0218838.ref006],[@pone.0218838.ref022],[@pone.0218838.ref023]\].

One possible hypothesis to explain differences in the abundances of these common epibiont taxa between turtles sampled on Playa Ostional compared to those sampled at other locations nearby is that Playa Ostional if affected by different oceanographic conditions. While previous studies have indeed noted the presence of strong offshore currents on Playa Ostional, relative to other nesting beaches on the Pacific coast of Costa Rica \[[@pone.0218838.ref035]\], it seems unlikely that this is the primary factor driving the differences in epibiont communities between these locations. This is because nesting olive ridley turtles are known to move over larger distances between nesting events than the distances between these beaches (\< 50 km) \[[@pone.0218838.ref036]\], and thus there is likely significant overlap in the inter-nesting habitats of these turtles even though they nest on different beaches. Instead, we propose the more robust hypothesis is that the differential prevalence of certain epibiont taxa is linked to differences in behaviour between turtles nesting at each site. Indeed, Playa Ostional is a well-known arribada site where thousands of turtles aggregate in mass nesting events, while Playa Grande and the waters of El Coco likely host turtles that are solitary nesters. Perhaps during such mass mating events there is a much greater chance for epibionts to be scraped off than there is in smaller mating events, meaning the arribada nesting turtles have fewer epibionts. Alternatively, as many epibionts, such as *P*. *chelonophilus* and *B*. *manatorum* are not free swimming and must likely be transferred on contact between hosts \[[@pone.0218838.ref028]\], it could be that the great potential for the transfer of individuals between hosts means that they even though they might be found on more hosts, they occur in lower numbers per host. Understanding the factors that are driving distinct variation in the presence and absence of these common epibiont species presents an interesting avenue for future research that could reveal insights about the behaviour of their hosts that might be undetectable using more conventional methods \[[@pone.0218838.ref028],[@pone.0218838.ref037]\].

Epibiont collection was conducted under MINAE permits (ACT-ORDR-099-15 and ACG-PI-058-2015). This research was performed in accordance with the Purdue University Animal Care and Use Committee. Samples were exported from Costa Rica under a SINAC permit (DGVS-183-2016). Pilar Santidrián Tomillo, Christian Diaz Chuquisengo, Elizabeth Solano, and Myriam Norori helped with permitting. Lourdes Rojas aided with identifying taxa.

10.1371/journal.pone.0218838.r001
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We would appreciate receiving your revised manuscript by Aug 16 2019 11:59PM. When you are ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter.

To enhance the reproducibility of your results, we recommend that if applicable you deposit your laboratory protocols in protocols.io, where a protocol can be assigned its own identifier (DOI) such that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). This letter should be uploaded as separate file and labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. This file should be uploaded as separate file and labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. This file should be uploaded as separate file and labeled \'Manuscript\'.

Please note while forming your response, if your article is accepted, you may have the opportunity to make the peer review history publicly available. The record will include editor decision letters (with reviews) and your responses to reviewer comments. If eligible, we will contact you to opt in or out.

We look forward to receiving your revised manuscript.

Kind regards,

Benny K.K. Chan, Ph.D

Academic Editor

PLOS ONE

Journal Requirements:

1\. When submitting your revision, we need you to address these additional requirements.

Please ensure that your manuscript meets PLOS ONE\'s style requirements, including those for file naming. The PLOS ONE style templates can be found at

<http://www.journals.plos.org/plosone/s/file?id=wjVg/PLOSOne_formatting_sample_main_body.pdf> and <http://www.journals.plos.org/plosone/s/file?id=ba62/PLOSOne_formatting_sample_title_authors_affiliations.pdf>
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Your MS will need revisions. Please revise the MS and send back a letter point by point how the comments were addressed. I will send to the same reviewers for comments again.

Best wishes,

Benny

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: No

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

2\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: No

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The manuscript explores epibiont distribution on olive ridley sea turtles. The study is interesting but there are some critical problems to be corrected.

The manuscript claims that authors made quantitative analyses on the epibiont communities. However, the number of individuals and biomass should be divided by areas (cm2) of each body part, i.e., head, carapace, plastron, and tail, for the fair comparison.

It is unclear that how the p-values were corrected for the multiple comparison.

The manuscript lacks the discussion on the factors driving spatial variation in the distribution of epibionts.

I recommend to conduct more analyses on epibiont community structures, such as comparison of diversity index, and community compositions with nMDS ordination plot.

Reviewer \#2: Review, Robinson et al.

Dear editor,

This manuscript provides results that suggest that sampling of epibionts of sea turtles should not only take place from the carapace or plastron, but indeed from all areas of the turtle, including the softer parts. Although the majority of epibionts confined to barnacles, the data (and the methods) might be useful for biologists working with conservation and epizoic organisms in general. I liked the approach and it is merited that we need to consider epibiont communities on the whole host rather than just the most convenient area. I think the authors write quite well around the problem of "sampling bias" if certain structures are only sampled.

I have some comments but recommend publication after a minor revision. The language is sound and sufficiently scientific, the perspective for the readers of Plos One is wide enough and the tests and field experiments seems appropriate.

Comments:

It would be nice with some photo material of the turtles and their epibionts. One of the advantages of publishing in Plos is that they provide high quality photo plates. Not many people might know what barnacles have been found and this might help other conservation biologists with limited time/lust for taxonomic identification of epibionts.

L49: not wide-range, but wide range

L53: insert can shed light "on"..

L54: What is varied associates really? Improve language

L55: How can the epibionts tell anything about the behavior of the hosts? Explain

L129-130: How can you really know? I think this argument is kind of vague. Think it is better to re-formulate or further explain how this "ensurance" is established. As I understand it, the area within each arribada where sampling took place is quite "small"

L145: did the authors define CCL upon first mentioning? I can't find it, so please explain first and then abbreviate

L163 and onwards: Write genus name as single letter after first mentioning - this is proper taxonomic standard

L170: Why do you call it Platylepadidae? Is it referring to a familiy name (-dae)? Then why italics? I do not know the code of the zoological nomenclature entirely, but this seems odd.

L175: Test tests?

L222-225: What is this "ecology" the authors refer to here? What is "ecological importance"? I find this very vague and it doesn't really say anything substantial

L227-228: Yes, the authors and right and they proved their point. However, I would like to see a discussion of potential epibionts that could have been overlooked. What about parasites embedded within the skin? What about "microorganisms" as the authors write about in the introduction? I do not know, but is there any knowledge on the bacteria on sea turtles? Can these be studied with the same approach here and species determined? This part could be relatively short and precise, but it might be good to consider that this method does not grant access to all "epibionts" per se

L241: I do not understand this expectation. Sea turtles (perhaps not this species?) shed their scutes and some even their skin. Any epibiont, particularly permanently attached barnacles would then fall off during successive molts. A natural expectation would be that the scutes at anytime hold fewer epibionts given that it is regularly replaced. I think the authors should write in the introduction that sampling only on the parts that are actually being shed might result in significant "sampling bias". But I can appreciate if the authors are careful with such statements.

L255: it would be nice with a reference here and some elaboration of how turtle species differ in these properties. It appears a bit vague.

L263: The authors might have a point, but it cannot be out ruled that they spotted juvenile Chelonibia. I would mention this.

L266-267: This needs a reference or proper photo documentation. Is it the cyprid larva that digs into the tissue or is it the adults? Is the burrowing similar to the balanomorphan barnacle Xenobalanus globicipitis that settles and burrows into the integument of whales? If no, what is the difference? Have the two modes of "digging" been observed?

L306: This is plausible, but as the authors note, barnacles were scraped off with instruments. Barnacles generally attach firmly. I do not think it is likely that they are being scraped off, although some might. Would selection not impede settlement in those areas if it affected the survival of the species (i.e., they fall off and die)? Just a thought. I can buy it if the authors do not wish to go into detail.

L420: This reference has a bracket around it.

I recommend publication after a minor revision.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.
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Dear Editor,

Thank you for reviewing the manuscript entitled "Spatial distribution of epibionts on olive ridley sea turtles at Playa Ostional, Costa Rica" that my colleagues and I submitted for publication in PLoS ONE. We are grateful for the insightful feedback of the two reviewers -- their input has helped to substantially improved this manuscript.

Following the comments of the reviewers, we made two major changes to the manuscript. Firstly, we incorporated a PerMANOVA test to statistically demonstrate that differences in the epibiont community structure between the different body-regions. We included this test largely in response to the comments from Reviewer 1 that "I recommend to conduct more analyses on epibiont community structures, such as comparison of diversity index, and community compositions with nMDS ordination plot.". We chose this test instead of adding diversity indices or nMDS plots as we believe that it better answers the overarching goal of this study, which was to determine whether selectively sampling for epibionts on a specific body-region of a sea turtles is a suitable method for gaining a holistic understanding of the individuals entire epibiota. Secondly, we honestly agreed with Reviewer 1's comment that "The manuscript lacks the discussion on the factors driving spatial variation in the distribution of epibionts." We are embarrassed by this oversite as this was indeed in the title of the manuscript and while it was discussed in the introduction, this discussion was not suitably continued into the Discussion. Thus, we have re-written much of the Discussion to provide more detailed, and hypothesis-driven, discussion on the factors that drive spatial variation in the distribution of epibionts on sea turtles.

Below, we will provide a point-by-point response as to how we incorporated all of the other feedback provided by the reviewers:

Reviewer 1

We follow the logic of Reviewer 1's first comment, "The manuscript claims that authors made quantitative analyses on the epibiont communities. However, the number of individuals and biomass should be divided by areas (cm2) of each body part, i.e., head, carapace, plastron, and tail, for the fair comparison.". However, we disagree that this is the appropriate course of action in this manuscript. The goal of this manuscript was to determine selectively sampling for epibionts on a specific body-region of a sea turtles is a suitable method for gaining a holistic understanding of the individuals entire epibiota. Thus, it is more appropriate to assess total epibiont load, rather than epibiont density, on the different body-parts. Similar methods have also been used in all several other studies on epibiont distribution (e.g. Nájera-Hillman et al. 2012, Devin and Sadeghi 2010, Razaghian et al. 2019). Finally, we cannot think of a practical method for estimating the entire surface of a turtle in the field and would be very interested in hearing the reviewers thought on how to achieve this. It may be possible to generate a very rough estimate based on the Curved Carapace Length of the sampled individuals and then applying this to a digital 3D models of an olive ridley sea turtle (see Digital Life 3D for examples); however in doing so, we believe that we would include so much additional, and unnecessary, error that would likely generate very inaccurate results.

We were a little unsure as to how to address the following comment "It is unclear that how the p-values were corrected for the multiple comparison." as each test was an independent test and thus there was no need to correct for multiple comparisons. Nevertheless, we do agree that a multivariate test to statistical determine whether the epibiont communities differed between body-regions was necessary and so included the PerMANOVA test mentioned earlier.

Overall, we strongly appreciate the criticisms of Reviewer 1 as it has helped us to address some of the weaker parts of this study. We also encourage Reviewer 1 to provide more details in their subsequent reviews that will help us to make the necessary edits that will ensure that science in this manuscript is of the highest quality possible.

Reviewer 2

We incorporated all over Reviewer 2's grammatical and typographical edits into the text. Thus, we will only discuss those comment that require more substantial edits.

• "L55: How can the epibionts tell anything about the behavior of the hosts? Explain" One example would be the animals with different habitat preferences may have different epibionts. For example, turtles that live in the offshore habitats may have different epibiont to individuals in coastal habitats. Thus, the epibiota of nesting sea turtles can indicate where they live. Nonetheless, we actually removed the statement from the text as we did not believe that is was necessary to make this link in the first paragraph of the Introduction.

• "L129-130: How can you really know? I think this argument is kind of vague. Think it is better to re-formulate or further explain how this "ensurance" is established. As I understand it, the area within each arribada where sampling took place is quite "small"" We have addressed this issue in the text.

• "L222-225: What is this "ecology" the authors refer to here? What is "ecological importance"? I find this very vague and it doesn't really say anything substantial" We agree that these statements do not say anything substantial and so have removed them from the Discussion.

• "L227-228: Yes, the authors and right and they proved their point. However, I would like to see a discussion of potential epibionts that could have been overlooked. What about parasites embedded within the skin? What about "microorganisms" as the authors write about in the introduction? I do not know, but is there any knowledge on the bacteria on sea turtles? Can these be studied with the same approach here and species determined? This part could be relatively short and precise, but it might be good to consider that this method does not grant access to all "epibionts" per se" -- We have now included more discussion with regards to micro-epibionts in the Discussion.

• "L241: I do not understand this expectation. Sea turtles (perhaps not this species?) shed their scutes and some even their skin. Any epibiont, particularly permanently attached barnacles would then fall off during successive molts. A natural expectation would be that the scutes at anytime hold fewer epibionts given that it is regularly replaced. I think the authors should write in the introduction that sampling only on the parts that are actually being shed might result in significant "sampling bias". But I can appreciate if the authors are careful with such statements." We do not know of any literature on the rates at which sea turtles shed their scutes and so I am hesitant to make any predictions about how this affects retention rates of epibionts.

• "L255: it would be nice with a reference here and some elaboration of how turtle species differ in these properties. It appears a bit vague." We do not know of any suitable references for this section so we have instead listed how this could be a productive avenue for future research.

• "L266-267: This needs a reference or proper photo documentation. Is it the cyprid larva that digs into the tissue or is it the adults? Is the burrowing similar to the balanomorphan barnacle Xenobalanus globicipitis that settles and burrows into the integument of whales? If no, what is the difference? Have the two modes of "digging" been observed?" Instead of including extra photos, we have instead cited a suitable study that includes the photos you metion.

• "L306: This is plausible, but as the authors note, barnacles were scraped off with instruments. Barnacles generally attach firmly. I do not think it is likely that they are being scraped off, although some might. Would selection not impede settlement in those areas if it affected the survival of the species (i.e., they fall off and die)? Just a thought. I can buy it if the authors do not wish to go into detail." Barnacles on the carapace would only be scraped off during reproductive events, which can be many years apart, so we would not think that this would form a strong evolutionary pressure to not settle on the carapace. Also, even though we used instruments to scrape of many of the barnacles, many can be removed by hand so I do think that it could be possible for them to scraped off during reproduction.

We are highly thankful of Reviewer 2's attention to detail in their comments. They have helped to "fine-tune" much of the wording and scientific arguments in this manuscript.

Thank you for considering our revised and improved manuscript for publication. We are excited to receive your feedback on the latest edition of this manuscript and we look forward to hearing from you soon.

Sincerely,

Nathan J. Robinson

###### 
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Dear Dr. Robinson,

We are pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it complies with all outstanding technical requirements.

Within one week, you will receive an e-mail containing information on the amendments required prior to publication. When all required modifications have been addressed, you will receive a formal acceptance letter and your manuscript will proceed to our production department and be scheduled for publication.

Shortly after the formal acceptance letter is sent, an invoice for payment will follow. To ensure an efficient production and billing process, please log into Editorial Manager at <https://www.editorialmanager.com/pone/>, click the \"Update My Information\" link at the top of the page, and update your user information. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, you must inform our press team as soon as possible and no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

With kind regards,

Benny K.K. Chan, Ph.D

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: Yes

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: Authors have carefully addressed all the comments and improved the story flow.

I recommend acceptance.
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Reviewer \#2: The authors have addressed all comments sufficiently and I recommend to accept the manuscript for publication in PlosOne.

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No
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Dear Dr. Robinson:

I am pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please notify them about your upcoming paper at this point, to enable them to help maximize its impact. If they will be preparing press materials for this manuscript, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

For any other questions or concerns, please email <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE.

With kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Benny K.K. Chan

Academic Editor

PLOS ONE
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